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SUMMiARY 

Flight measui-ements were made of the press'ores on the horizontal 
tail surfaces of a typical propeller-driven pursuit airplane d^jiring 
stalled pull-outs at high Ma.ch numlDer. The results indicated that 
the load distribution during the pull-outs was considerably different 
from that prescribed by air-load requirements at the time the air- 
plane was designed^ and that large tail-load increments were caused 
by buffeting air flow over the tail as the wing started to stall. 

Data are included which were taken in a pull— out made without 
exceeding the design maneuvering limits of the airplane ^ but in which^ 
due to compressibility and buffeting effects not considered in design 
criteria, a relatively severe failure of the horizontal— tail structure 
occurred. 



INTRODUCTION 

While it is known that the magnitude and distribution of the air 
load experienced by an airplane operating at high Mach numbers vary 
considerably from that predicted by the extrapolation of data 
obtained at low speeds, a complete understanding of the subject is 
handicapped by a lack of experimental data. To afford a better 
understanding of the phenomenon, the Ames Aeronautical Laboratory 
is conducting an extensive investigation of the magnitude and distri- 
bution of the air loads acting on the lifting surfaces of a high- 
speed fighter— type airplane. 

The specific investigation reported herein provides information 
on the air loads imposed on the horizontal tail surfaces of a typical 
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propeller-driven pursuit airplane during several dive pull-outs 
made within the design maneuvering limits of the airplane and in 
which the airplane was stalled at relatively high Mach n^^bers, 
to various degrees of buffeting intensity. This investigation forms 
a part of the extensive investigation mentioned above. 

DESCRIPTION OF THE TEST AIEPLAME 

The airplane used in the tests is a single-place^ low-wing^ 
cantilever monoplane. It is powered by a 1200-brake horsepower 
(take-off rating) V-I7IO-85 liquid-cooled engine. Figure 1 is a 
photograph of the airplane as instrumented for the flight tests. 
Figure 2 is a general arrangement drawing of the airplane. General 



specifications of the airplane are as follows: 
Airplane^ general 

Span 3^.0 ft 

Length 3O.I67 ft 

Weight 

Gross (normal and approximately as flown) 7629 lb 

Center-of-gravity position 

(For normal gross weight and approximately as 

flown) 0.285 M.A.C. 

Wing 

Airfoil section, root NACA OOI5 

Airfoil section, tip NACA 23OO9 

Area total, including ailerons and section projected 

through the fuselage 213-22 sq ft 

An^le of incidence (relative to the airplane longitudinal 
axi s 

Horizontal tail 

Span 13.00 ft 
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Area 



^0.99 sq ft 



Airfoil section 



Symmetrical^ average 
thickness a"bout 8 percent 



Stabilizer setting (relative to the airplane 
longitudinal axis) 



2.25^ 



Elevator area (includrng ^.3 sq ft of modified 
Handle y— Page balance) 



16.89 sq ft 



Nominal deflection 



35^ up, 15^ doTO 



Tab (piano-hinged flap) 



Span 



2.25 ft 



Area 



0.86 sq ft 



Nominal deflection 



±15^ 



The horizontal tail is of conventional construction, with metal- 
covered aluminumr-alloy stabilizer and fabric-covered aluminumr-alloy 
elevator. An insert trim tab is fitted at the inboard trailing edge 
of the left elevator. The horizontal tail surfaces on this airplane 
had been reinforced for the tests. The principal features of this 
reinforcing consisted of riveting a ^2-l3/l6- by 0.057-inch 2UST 
Alclad aluDiin-amr-alloy reinforcing plate centrally to the rear face 
of the stabilizer rear beam (lightening holes same place and size as 
in rear beam), and of removing and replacing the rivets in the 
fittings supporting the outer elevator hinge brackets with AI^3— 6A bolts. 

Extra ribs were put in the elevators to permit rigid installation 
of pressure measuring orifices at the desired stations. These ribs 
were of O.O32 SO aluminum, 2 inches wide, with a l/i|— inch flange 
bent at right angles to each side. 



Standard NACA instruments were used to record photographically, 
as a function of time, quantities from which the following variables 
could be obtained: indicated airspeed; pressure altitude; normal 
acceleration; engine manifold pressure; engine rpm; approximate angle 
of attack of the thrust line; landing-gear position; aileron, elevator^ 
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and rudder position; aileron and elevator forces, rolling^ yawing, 
and pitching velocity; and resultant pressm-e distribution over 
portions of the left and right horizontal tail sui^faces. 

Free-air temperature was determined from an indicator connected 
to a resistance hulh protruding helow the right wing panel. The 
installation was calibrated for error due to the temperature rise 
caused by compression of the air at the resistance bulb. The tempera- 
ture readings were taken in slovr ascending or descending flight to 
minimize lag errors of the instriament. 

A free-swiveling airspeed head was mounted on the end of a boom 
extending about k feet ahead of the leading edge of the right wing 
and located at a spanwise station about 7 feet inboard of the wing 
tip. The airspeed head consisted of two separate static-pressujre 
tubes (for separate connections to the airspeed recorder and altitude 
recorder) with a single total-pressui-^e tube located between them. The 
airspeed and altitude recorders were mounted in the right wing at 
the base of the boom, thus minimizing lag errors due to press:jire 
change in the tubes under conditions of rapidly changing altitude- 
Tho recording and service static heads were calibrated for position 
orror by comparing the readings of the respective altimeters with 
the knovTn pressure altitude, as the airplane was flown at several 
speeds past a reference height. It was assumed that the total 
Dressure was measured correctly^ Indicated airspeed, as used in this 
report, was computed according to the formula by which standard 
airspeed meters^ are graduated. (Gives true airspeed at standard 
sea-level conditions.) The formula may be written as follows: 



i.^ Po ^ J 



where 

Vj_ correct indicated airspeed, miles per hour 

H free— stream total pressure 

p free— stream static pressure 

p^ standard atmospheric pressure at sea level 
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The horizontal tail surfaces of the test airplane were equipped 
with pressure orifices,, on "both the top and "bottom surfaces^ at the 
stations indicated by figure 3. The top and 'bottom orifices at each 
station were interconnected in such a manner that the resultant 
pressure at the station was recorded rather than individual press"ares 
at the top and "bottom oi-ifices. As the tests reported herein were 
incidental to other tests being conducted concurrently with the air- 
plane^ only those orifices at the stations indicated by a cross on 
fig^-ire 3 were connected to the recording manometer d'oring these tests. 
The recording manometer^ a multiple—cell pressure recorder^ was 
mounted in the rear section of the pilot's canopy and was connected 
to the press'ore orifices in the stabilizer and to tubes leading from 
the elevator by 0.15--inch— inside— diameter aluminum tubing and short 
lengths of O.I7— inch— inside— diameter rubber tubing. Because of lack 
of space J, 0. 09— inch— inside— diameter rubber tubing was used inside the 
elevator. The pressuire lag characteristics of the pressure recording 
installation were measured in tests on the groijind^ and the test results 
indicated that the pressure lag in the system was small. 

The angle of attack of the thrust line was measured by a vane 
moimted on the forward end of a boom which was located at a spanwise 
station 7 feet inboard from the left wing tip and which extended 
k feet ahead of the wing leading edge. The angle of attack as 
measured by this vane^ and as presented in this report^ has not been 
corrected for position error. 



TEST DATA AM) Ai^IALYSIS 

The data for four power— off dive pull-outs made in the 20^000- 
to 25^000-ioot altitude range are shown in figures to 15 . Each 
pull— out is presented in thi-^ee basic figures. The first figure 
for each dive pull— out is a time history of the data measujred 
in the run in which part (a) presents general variables^ part 
(b) presents tail pressures^ and part (c) presents photographic 
prints of some of the records showing the relative amo-)int of airpleme 
and control-sui^face buffeting dioring the run. (The sharp lines 
appearing on some of the prints in the buffeting region were scratched 
on the film manually in order to allow easier reading of the records,) 
The second figure for each dive pull— out^ which is divided into 
parts (a)^ (b)^ etc., presents several representative plots of the 
chordwise load distribution on the tail at various times during the 
maneuver. The section lift coefficients shown on this figure are all 
based on the total length of the local chord (stabilizer plus elevator). 
The third figure for each pull— out is a time history of the unit 
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spanwise loading at the 6C-percent--span point, derived from integra- 
tion of a numlDer of the curves of the type shorn in the second 
figi^re, many of which are not presented in the report. The figures 
for each pull-out will he discussed in turn. 

In figu-res 1^^ 5^ and 6 it is seen that the airplane was pulled 
in until a mild stall occurred at an airplane lift coefficient of 
0-68 and a Mach number of 0.68. The maximum acceleration factor 
reached was 5-3 at an angle of attack of the thrust line (uncorrected) 
of 8.5^. The maximum elevator angle used was 7^ ^p. Buffeting was 
present, apparently, as may be seen from figiore h (b), to a greater 
extent on the left tail than on the right. Rapid fluctuations of 
pressure, amounting to changes of 200 to 3 00 pounds per square foot, 
occurred at the leading edge of the stabilizer d^aring the stall. 
(Any inaccuracy due to lag in the pressure lines will tend to make 
the recorded load changes too low.) During the main part of the 
pull-out, as may bo seen from figure 5, the load was upward oh the 
stabilizer and downward on the elevator. The maximum recorded 
pressures and unit span loads for the pull-out shown in figures 4, 5^ 
and 6 are listed in the following table: 



! 

Tail 
surface 

I 


Maximum 
recorded 
pressure 
(Ib/sq ft) 


i 

i MaximiJim j 
; unit j 
j s-oan load j 

a^/ft) 1 


' — ■ -i- 

Bight stabilizer ! 


hkO up 


'i 205 up 
\ ■ 


■ — 

1 

Left stabilizer ; 

_ . 


600 up 


1 3^5 up _ 


Eight elevator * 


150 down 


' 115 down 


1 ! 

1 

; Left elevator 


180 down 


1 105 down 



At other spanwise stations, of course, the pressures and loads 
would differ somewhat from those given above. 

In figures 7, 8, and 9 it is seen that the airplane was pulled 
in until a moderately violent stall occurred at a Mach number of about 
0.72. The lift coefficient could not bo determined as the accelero- 
moter did not function on this flight. The maximum angle of attack 
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reached was ik^. The maximum elevator angle was 10^ up. Buffeting 
was present again to a gi^eater extent on the left tail than on the 
right tail. Eapid fluctuations of pressure of veil over 3OO pounds 
per square foot occurred at the leading edge of the stabilizer dui^ing 
the buffeting. The maximum recorded pressures and unit span loads in 
this run are listed in the following table: 



i 

Tail 
surface 


1 

Maximum | Maximum 
recorded j unit 
pressLure 1 span load 
(Ib/sq ft) 1 (lb/ft) 


Right stabilizer 


I4.9O up 1 255 up 

.1 


Left stabilizer 


520 up 1 275 up 


Eight elevator 


210 down 1 ihO do^vn 


Left elevator 


230 down 1 135 down 



In figures 10^ 11^ and 12 it is seen that the airplane was pullod 
in until a violent stall occurred at a lift coefficient of about O.9O 
and a Mach number of 0.6I. The maximim acceleration factor reached was 
about 6.2 at an angle of attack of 17^. The maximum elevator angle 
used was 6.^^ up. Bi.if feting was present^ again to a greater extent 
on the left tail than on the right tail. Eapid fluctuations of 
pressure of 200 to 3OO pounds per square foot occurred at the leading 
edge of the stabilizer during the buffeting. The maximum recorded 
pressures and unit span loads in this run are listed in the following 
table : 



j Maxim^Lim 
Tail 1 recorded 
surface { pressure 
1 (lb /so ft) 


Maxim^jm 
unit 
span load 
(lb /ft) 


Right stabilizer j 510 up 


215 up 


Left stabilizer j 500 up 


235 up 


1 

Right eleva"t:9r j 100 down 


65 down 


Left elevator J I80 do\m 


1 90 do\m 
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In fig^ores 13^ 1^^ and 15 it is seen that the a:^*rplane Vr?,s 
pulled in until a very -violent stall occurred at a Ijft coefficient 
G f j L -. 01 and a i%ch nunher of O.67. The niaximum acceleration factor 
reached was 7-5 at an angle of attack of 19^. The Tnaximuui elevator 
an^le used was 11-5^ up. The "buffeting was apparently ahout the same 
on "both sides of the tail in this rion. Papid fluctuations of pressure 
of 300 to kOO pounds per square foot occrxred at the ler.ding edge of 
the stabilizer during the "bijif feting. The maximum recorded pressiires 
and unit span loads in this run are listed in the following table: 





Ivlaximum 


j Ivlaximian i 


Tail 


recorded 


I ^an:i t | 


surface ' 


pressure 


j sToan load < 


\ 


(Ib/sq ft) 


i "(It/ft) I 


Right stabiliiier 


hbO up 


-t— i 

i 310 up i 


Left stabilizer 


58c up 


i kh^ up I 
-1 1 


; Eight elevator 


200 doxTn 


! 120 down j 
H ! 


Left elevator 


2^0 down 


1 115 down ; 



During this run structural fail^ore of the horizontal tail 
occ^irred. Since the airplane was operating within maneuvering limits 
which were considered safe by design specifications in use at the 
time the airplane was designed^ it is of interest to examine the 
nature of the tail failure in relation to the loads measured^ and 
in relation to the necessity for revision of air load requirements 
and the manner of specifying safe maneuverability limits to a pilot. 

The principal failures were on the left side of the tail^ 
although failure had also started on the right side. A rear view 
of the airplane with undamaged tail is shown in figure 16, and views 
of the principal failures are presented in figures IT to 23. The 
left elevator had buckled downward at about the third outboard row of 
orifices (figs. IT, 18, and I9), cracking the elevator spar (fig. 20). 
The elevator nose balance had been forced downward severely enough 
to break the elevator nose rib on each side of the tail Just inside 
the outboard hinge fitting (figs. 21 and 22). The left stabilizer 
rear beam was cracked at the inboard hinge bracket, and the two top 
bolts holding the bracket to the stabilizer rear beam had been 
sheared completely (fig. 23). Other miscellaneous failiures of 
various degrees of severj.ty occiurred to both the stabilizer and 
elevator structure in the immediate vicinity of all the hinge brackets • 
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It is difficult to ascertain at Just what time in the pull-out 
the structural failLtre occurred. Its effect was not noticeable 
until after steady straight flight had been re-established. Then it 
was noticed that the longitudinal balance and stability characteris- 
tics of the airplane had altered. Figure I3 shows that a sudden 
decrease of elevator control force occurred at 5.3 seconds while the 
elevator angle and normal acceleration continued to rise; figure 15 ♦ 
shows a numerical decrease in the elevator load curve at this point 
also. Again^ at 6.2 seconds^ as the acceleration is decreasing^ 
there is a sudden increase in elevator control force and recorded 
elevator angle. It appears^ however^ that the elevator control at 
6.2 seconds may have been applied inadvertently as the ailerons were 
being deflected to counteract the roll—off occ-arring during the stall. 
The lack of effect of the elevator control on the value of the 
acceleration factor of the airplane was probably due to the stalled 
attitude of the wing. The increase of acceleration factor at 7.O 
seconds^ as the elevator control force and elevator angle were 
decreasing^ was probably due to the re-establisiiment of normal flow 
over the wing^ although the possibility that it was caused by the 
buckling of the elevator should not be completely discounted. 

Figure 2h shows the loading conditions for which the horizontal 
tail surface was designed. Comparison of this figure with the actual 
flight measurements (figs. 5^ 8, 11, and ik) shows that in many 
instances the unit loads actually measured on the stabilizer in 
flight were not only considerably in excess of the design unit loads, 
but that they occurred in a direction opposite to the design loads. 
At the leading edge of the elevator, the design unit loads were not 
exceeded in the pull-outs, at least not at the particular spanwise 
stations at which measurements were made. However, it was the 
elevator and a fitting supporting the elevator that failed and not 
the stabilizer. 

Inasmuch as the elevator loads at the time of failiu^e did not 
appear to have been in excess of those for which the si;rface was 
designed, the reasons for tho failure of the elevator are not 
entirely cleai^. Also, higher elevator down loads had been encountered 
on a previous flight (fig. 9) at least at the spanwise location at 
which measiorements were made. 

It is possible that fatigue of the elevator structure ms.y have 
contributed to the failure of the elevator and stabilizer fitting, 
inasmuch as many flights had been made during which tho airplane 
had been flown at high accelerations with severe bioffeting. It is 
also possible that the dynamic loads caused by buffeting may have 
been responsible for the elevator failure. No doubt the buffeting 
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loads caused much more severe structijral strain than the same loads 
would have caused if applied under static conditions. In the last 
pull-out, in which the structural failure occircred (figs. 13, 1^, and 
15), the "buffeting was more severe than in any previous maneuver. In 
this x)ull-out an attempt had heen made to insure absolutely that the 
maximum acceleration factor possible to a,ttain had been obtained. A 
strong pull force was exerted on the stick even after heavy buffeting 
had set in. A slightly greater elevator angle was used than in the 
previous pull-outs. It should be realised, too, that the loads which 
wer-e measured during the buffeting condition may actually nave been 
somewhat greater than those recorded, due to lag in the pressure lines. 

A minor, but perhaps not negligible, additional load which may 
have contributed to the failure was that caused by a bar weighing 
about 2.k pounds ver foot which extended along the leading edge of 
the elevator between the two hinge brackets. 'Ilhis bar was used as a 
mass balance for the elevator. The acceleration reached in the last 
run increased the effective weight of the bar to about 18 pounds per 
foot. Under the dynamic conditions accompanying heavy buffeting 
this weight may have added appreciably to the stresses set up m tne 
nose structure . 

From the nature of the records it is apparent that buffeting 
occurred even before the airplane was completely stalled, and that 
abrupt and large fluctuations in^tail load occurred, with the up-load 
peaks considerably higher than the maximum up-load befcro the bulxe"^ 
ing set in. For example, in figure 6, in which complete stall aid 
not occu^, a change in up-load of k2 pounds per foot occurred on ^ 
the left tail dui-ing an increase in acceleration factor of ^.9, ana 
during the time that no b-af feting took place. However, ^^^rmg the 
buffeting immediately following, peak loads greater by 150 pounds 
per foot were reached, while the acceleration factor increased 
fiu-ther only 0.7. This effect is probably due to the abrupt decrease 
in downwash over the tail as the wing root starts to stall. 

It would appear that the results presented herein have 
indicated the need for designing the tail structvu-o to withstand 
the dynamic loads which my be imposed. This becomes all the more 
apparent when the changes in the speed-strength diagram of an airplane 
with changes in l^oh nmber are considered. The effect of l^ch 
number on the speed-strength diagram for power-off flight, as obtained 
from the tests reported herein and data from other tests 
is shown in figure 25- It is apparent from this diagra^ that the 
riprreaae in Ct with Mach number has made it possible for baftut-- 
ing Som s?alf^take place at higher indicated airspeeds than would 
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"be expected if the decrease in Cj^^ with Mach nuinber were neglected. 
Also, due to Mach numher effects^ the buffeting probably occurs at a 
different an^le of attack on the ta:'l at high I^,ch numbers than at 
low Mach nimibers. Due to the higher aerodynamic loads created by 
buffeting at higher values of dynamic pressiu'*e_, a critical design 
condition now exists at the upper left— hand corner of the speed- 
strength diagi^am at high Mach numbers that perhaps is not critical 
in speed-strength diagrams in which the upper left— hand corner is 
reached at a relatively low value of Mach number. The speed— strength 
diagram in its simple form^ which fails to take into account changes 
in stall or buffet boiondary with Mach number, apparently no longer 
completely defines to a pilot the safe operating condition for an 
airplane from the struct^jral standpoint. 



CONCLUDING REMARKS 

With the test airplane operated within maneuvering limits which 
were considered safe by design specifications in use at the time the 
airplane was designed, units loads were measured on the stabilizer 
which were not only considerably in excess of the design unit loads, 
but which occurred in a direction opposite to the design loads. 

Although there is no evidence that design loads on the elevator 
were exceeded in the pull-outs, failiore of the elevator and a fitting 
supporting the elevator occurred. It appears from data obtained that 
the elevator failure was due to a basic cause not considered in design 
specifications, namely, the reduction of the lift coefficient for 
stall at high values of Mach number, which allowed the airplane to be 
subject to severe buffeting without exceeding the design load factor 
at speeds higher than those computed on the assiJimption of a constant 
value of the maximum lift coefficient. The increased energy in the 
higher speed air stream, coupled with the fluctuating downwash from 
the stalled wing, may result in loads on the tail surfaces in excess 
of the design static loads, and in dynamic stresses which may be 
critical, even though the airplane remains within its design speed 
and load factor limr'ts. 

Revision of the tail-load design requirements and of the manner 
of specifying safe maneuverability limits to pilots appears necessary. 



Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
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Figure I*- Three-quarter rear view of test airplane. 
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(o) Photographic prints of tome of the records showing 
ralativa amount of buffeting during the run. 
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(o) Photographic prints of some of the records showipg 
relative amoxint of buffeting during the run* 



Figure 10«* (Conoluded*) 
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Figuro II. ~ Concluded. 
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(o) Photographic prints of some of the records showing 
relative amount of buffeting during the run. 

Figure 13«- Concluded. 
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r/gure' 14- Continued. 
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(c) At 5.9 seconds. 

Figure 14. - Concluded . 




Figure 16.- Rear view, test airplane as instruniBnted for tail-load 
flight teats, showing undamaged tail surfaces. 



Figure 17#- Rear view showing damaged horizontal tail surfaces* 






Figure 23#- Detail of oraoked stabilizer rear spar at left 
inboard elevator hinge bracket • 
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